Evaluation of Raised Pavement Markers in Kentucky: Statewide Installations; 1975-1979 by Pigman, Jerry G. et al.
KRR 
UKTRP 
81 
8 
c. 1 
Research Report 
UKTRP-81-8 
July 1981 
Evaluation of Raised Pavement 
Markers in Kentucky: 
Statewide Installations; 1975-1979 
by 
Jerry G. Pigman 
Research Engineer Chief 
K. R. Agent 
Research Engineer Chief 
and 
R. L. Rizenbergs 
Kentucky Transportation Research Program 
College of Engineering • University of Kentucky 
Transportation Research Building 
Lexington, Kentucky 40506-0043 
Technical Report Documentation Page 
1. Report No. 2. Government Accession No. 3. Recip ient" s Catalog No. 
4. Title and Subtitle 5 . Report Date 
Evaluation of Raised Pavement Markers in Kentucky: 
Statewide Installations; 1975-1979 
June 1981 
6. Perform ing Organ i zation Code 
1--:;~-;-:-;--..,-;----------------------------! 8. Perfo rming Organi zati on Report No . 
7. Authorl s) 
J.G. Pigman, K.R. Agent, & R.L. Rizenbergs UKTRP-81-8 
9. Performing Organization Name and Address 10. Work Un it No . (TRAIS) 
Kentucky Transportation Research Program 
College of Engineering 11 . Contract or Grant No. 
University of Kentucky KYP-73-48 
Lexington, Kentucky 40506 13 T fR t-:-::--:-----:----:-----=-:-:--:-:-------------------1 · ype o eport and Period Covered 
12. Sponsoring Agency Name and Address 
Final Kentucky Department of Transportation 
State Office Building 
Frankfort, Kentucky 40622 14. Sponsoring Agency Code 
15. Supplementary Notes 
Study Title: Evaluation and Application of Roadway Delineation Techniques 
16. Abstract 
Raised markers have become commonplace in delineation on highways in states where snowfall 
is minimal and snowplows are not needed. They have proven to be especially effective for wet , nighttime, 
and other poor visibility conditions when paint stripes are least effective. In Kentucky, over one million 
raised markers have been installed and damage from snowplowing has been significant during some of the 
more severe winters. As a result of costs associated with replacing damaged markers and requirements of 
the Pavement Marking Demonstration Program, an evaluation of all installations was undertaken. 
Between 1975 and 1979, a total of 1,082,250 markers were installed on approximately 3,000 
miles {4,827 km) of highway at a cost of $1 ,931 ,059. The average cost per marker was $1.78. A summary 
of replacement frequencies showed that 473,437 {62 percent) of the original markers remained in service, 
264,880 {35 percent) have been replaced once, and 26,351 {3 percent) have been replaced twice. Even 
though the winter of1978-1979 was one of the more severe during recent years, only one-third of ·the 
markers installed on new sections of highway in 1978 were in need o(replacement in 1979. 
A 20-percent reduction in wet-night accidents and a 10-percent reduction in dry-night accidents could 
be used as an estimate of the effect of raised markers for systemwide installations. For the interstate 
system, this corresponded to a four-percent reduction in all accidents. If the four-percent reduction was 
applied to sections of highway for the fust five raised marker installation contracts {700,000 markers on 
approximately 1,500 miles {2,400 km)), the resulting benefit-cost ratio would be 6.03 . 
17. Key Words 
Raised Pavement Markers 
Accident Analyses 
Replacement Frequency 
Costs 
Benefits 
19. Securi ty Closs if. (of this report) 
Form DOT F 1700.7 (8-72l 
18. Distribution Statement 
20. Security C lossi f. (of th i s page) 21. No. of Pages 22. P ri ce 
Reproduction of completed page authorized 
RESEARCH REPORT 
UKTRP-81-8 
Evaluation of Raised Pavement Markers in 
Kentucky: Statewide Installations; 1975-1979 
by 
Jerry G. Pigman 
Research Engineer Chief 
K. R. Agent 
Research Engineer Chief 
and 
R. L. Rizenbergs 
Kentucky Transportation Research Program 
College of Engineering 
University ofKentucky 
Lexington, Kentucky 
in cooperation with 
Department of Transportation 
Commonwealth of Kentucky 
The contents of this report reflect the views 
of the authors who are responsible for the facts 
and accuracy of the data presented herein. 
The contents do not necessarilY reflect the official 
v iews or policies of the UniversitY of Kentucky 
nor of the KentuckY Department of 
Transportation. This report does not constitute 
a standard, specification, or regulation. 
July 1981 
Introduction . . . 
Installation Contracts 
Data Collection 
Accident Data Constraints 
Results . 
Accident Analysis 
Benefit-Cost Analysis 
Replacement Frequency 
Reflectivity 
Summary and Conclusions 
Recommendations 
References . 
Table of Contents 
Appendix A: Detailed Data for Original Installation Contracts 
Appendix B: Detailed Data for 1978 Replacement Contract 
Appendix C: Detailed Data for 1979 Replacement Cont~ct 
1 
1 
3 
3 
4 
4 
6 
7 
9 
12 
14 
14 
15 
19 
23 
List of Figures 
Figure 1. Distribution of specific reflectivity values on Stirnsonite and Ray-Q-Lite 
Silver-White, raised markers (type III) measured at 0.2-degree and 0-degree 
angles of divergence and incidence, respectively . . 
Figure 2. Distribution of specific reflectivity values on Stimsonite and Ray-Q-Lite 
Silver-White, raised markers (type III) measured at 0.2-degree and 20-degree 
angles of divergence and incidence, respectively 
Figure 3. Distribution of specific reflectivity values on Stirnsonite and Ray-0-Lite 
Amber, raised markers (type III) measured at 0.2-degree and 0-degree angles 
of divergence and incidence, respectively . 
Figure 4. Distribution of specific reflectivity values on Stimsonite and Ray-G-Lite 
Amber, raised markers (type III) measured at 0.2-degree and 20-degree angles 
of divergence and incidence, respectively . 
Figure 5. Specific reflectivity and percent of original brightness versus time in 
service of Ray-0-Lite Silver-White, raised markers (type III) installed on 
Lexington's New Circle Road (measured at 0.2-degree and 0-degree angles 
of divergence and incidence, respectively) 
Figure 6. A new marker placed adjacent to old markers 
10 
10 
11 
11 
13 
14 
List of Tables 
Table 1. Summary of Final Quantities, Lengths, and Costs for All Contracts 
Table 2. Summary of Raised Pavement Marker Types by Contract, Quantity , and Price 
Table 3. Summary of Accident Data Before and After Installation of Raised Pavement 
Markers on Interstates and Toll Roads . 
Table 4. Comparison of Interstate Locations With and Without Pavement Markers 
Table 5. Estimated Systemwide Accident Reduction Obtained from Pavement Markers 
Table 6. Accident Cost Data . 
Table 7. Cost-Effectiveness of Raised Pavement Marker Installations 
Table 8. Summary of Raised Pavement Markers by Highway Type (Original Contracts) 
Table 9. Summary of Raised Pavement Markers by Highway Type (1978 Replacement 
Contract) 
Table 10. Summary of Raised Pavement Markers by Highway Type (1979 Replacement 
Contract) 
Table 11. Raised Pavement Marker Replacement Frequency Data . 
Table Al. Raised Marker Installation on Interstates 
Table A2. Raised Marker Installation on Parkways . 
Table A3. Raised Marker Installation on Other Four-Lane Highways 
Table Bl. Raised Marker Replacements and Original Installation on Other Four-
Lane Highways 
Table Cl. Raised Marker Replacements and Original Installations on Interstates 
Table C2. Raised Marker Replacements and Original Installations on Parkways 
Table C3. Raised Marker Replacements and Original Installations on Other Four-
Lane Highways 
2 
2 
2 
5 
6 
7 
7 
8 
8 
8 
9 
17 
17 
18 
21 
25 
25 
26 
Introduction 
Raised pavement markers have become a 
common method of delineation on highways 
in many states. They have proven to be 
especial Jy effective for wet, nighttime, 
and other poor visibi I ity conditions when 
paint stripes are least effective. Where 
traffic volumes are high and frequent 
repainting of I i nes is hazardous to 
workmen, raised markers are becoming 
increasingly popular. They also are being 
used to delineate horizontal curves, merge 
and diverge areas, turning Janes, no-
passing zones, and stop approaches (1). 
A study by the Division of Research in 
1974 (2) showed that raised markers are an 
effective means of reducing erratic 
movements at lane-drop locations. A more 
general evaluation of markers was made by 
the Division of Research in 1975 (3). 
Seven types of markers were evaluated to 
determine their effectiveness with respect 
to brightness and durability. In addition 
to evaluating their application as a 
supplement to lane I ines, they also were 
used as a traffic control measure at lane 
drops, as delineation for hazardous 
curves, and as directional arrows. 
Spe~ifications for the types of markers 
and recommendations for their use were 
included in the report. A report in June 
1979 (4) presented an evaluation of 
raised-marker use at high-hazard 
locations. Visual observations, speed 
data, encroachment data, and accident data 
were used to evaluate the effectiveness of 
ra i sed markers at a hazardous curve and a 
narrow bridge. The study provided data to 
support recommenda tions for improved 
delineation at simi Jar sites on rural, 
two-lane and four-lane roads. 
The use of raised markers ha s 
increased most rapidly in states wnere 
snowfall is minimal and snowplows are not 
needed. Damage from metal s nowplow blades 
has been a major deterrent to marker 
application in areas with frequent 
snowfall. A study conducte d by the State 
of Washington (5) demonstrated that 
rubber-tipped snowplow blades were 
effective for re mov ing freshly fallen or 
slushy snows without damage to raised 
markers. In Kentucky, rubber-tipped 
blades have been used successfully after 
se ve r·al snows; howe ver, unusually heavy 
snowfal I, combined with very cold 
temperatures, c r eate roadway conditions 
which can only be dealt with by using 
metal blades. Such cond itions occurred 
during the winters of 1977-1978 and 
1978-1979 and resulted in considerable 
damage to many markers. Damaged markers 
were replaced, but the cost-effectiveness 
of future instal lations was questioned. 
Because of the high cost of the raised 
markers and requirements of the Pavement 
Marking Demonstration Program, the 
Division of Traffic requested an 
evaluation of all marker instal lations. 
Installation Contracts 
Between Apri I 1975 and July 1979, a 
total of 1,082 ,250 raised markers were 
in s talled on approximately 3,063 miles 
(4,928 km) of highway under ten contracts 
for a total cost of $1,931,059.70. The 
average cost was $1.78 per marker. The 
first five contracts were for original 
installation, and the others were 
primarily replaceme nt contracts . Only ten 
percent (157 miles (253 km> of the 1,571 
miles (2,528 km )) covered by the 
replacement contracts were for original 
installation of markers. A summary of the 
final quantities, road lengths, and costs 
for alI contracts is presented in Table 1. 
Also shown in the table are the initial 
quantities planned but later revised to 
reflect field conditions. 
A summary of the marker instal lations 
by contract date, quantity, price, highway 
1 
Table 1. Summary of Final Quantities, Lengths, and Costs For All Contracts. 
Planned Final Unit 
Quantities Quantities Cost 
(Number of (Number of Miles of Per 
Contracts Markers) Markers) Installation* Total Cost* Marker* 
Original 705,799 700,254 1,491.6 $1,197,934.61 $1.71 Installation 
1978 113,332 182,181 462.9 $334,897.94 $1.84 Replacement 
1979 185,057 199,815 1,108.4 $398,227.15 $1.99 Replacement 
Totals 1,004,188 1,082,250 3,062.9 $1,931,059.70 $1.78 
*Based on f inal quantities and actual field installation. 
district, and miles of highway is 
pre sented in Table 2. Data in this table 
were obtained from the Department's Unit 
Tabulation of Bidders prepared for each 
contract . The number of ra ise d markers 
s hown is the same as the planne d 
quantities shown in Table 1. 
Three types of raised markers have 
been instal led in Kentucky since 1975. 
Specifications for each of the three types 
are cited in Section 840 of Kentucky's 
Standa r d Specifications (6). 
Approximately 85 percent of those 
installed were Type III with either 
Table 2. Summary of Raised Pavement Marker Types By Contract, Quantity, and Price. 
Date of 
Contract 
4- 03-75 
8-14-75 
Type of 
Marker 
Type I W 
Type II W 
Type III ~1W 
Type III MY 
Type III !11~ 
Type III HY 
Type III BY 
12- 18- 75 Type III ~ 
Type III MY 
Type III BY 
10-14-76 Type III ~ 
2-24-78 Type III ~ 
Type III MY 
3-24-78 Type III MW 
Type III MY 
Type III BY 
4-20-79 Type III ~ 
Type III HY 
Type III BY 
4-20-79 Type III ~ 
Type Ill BY 
4-20-79 Type III~ 
Type III MY 
Type III BY 
4-20-79 Type III ~ 
Type III MY 
Type III BY 
2 
Quantity 
115.341 
33,537 
65,448 
9,077 
43,369 
74 ,382 
1, 220 
53,812 
81,870 
32,267 
78,789 
113,663 
3,024 
81,150 
1, 347 
30,835 
48,758 
872 
2, 463 
35,474 
79 
46,575 
4,263 
6,519 
37 , 978 
843 
1, 228 
Unit 
Price 
(Dollars) 
0.74 
1. 24 
2.03 
2. 03 
2.05 
2 .05 
2.15 
1.83 
1,83 
1. 93 
1. 69 
1. 87 
1. 87 
1. 80 
1.80 
1.85 
2.1 0 
2 . 25 
2. 25 
2.00 
4.00 
2.16 
2.16 
2.26 
2.16 
2.16 
2.26 
Total 
Price 
(Dollars ) 
85,352.34 
41,585.88 
132 ,859.44 
18,426. 31 
88,906 . 45 
152,483.10 
2,623.00 
Type of 
Contrac t 
Original 
Original 
98,475.96 Original 
149,822. 10 
62,275.31 
133,153 . 41 Original 
212,549.81 Original 
5,654.88 
146,070.00 Replacement 
2,424.60 
57,044.75 
102,391 .80 Replacement 
1, 962.00 
5,541. 75 
70,948.00 Replacement 
316.00 
100,602.00 Rep l acement 
9,218 . 88 
14,732. 94 
82 ,032 .48 Replacement 
1,820 . 88 
2 , 775 . 28 
Highway 
Dis tricts 
Involved 
2,5,6,7 
2,4,5,7,8 , 9,12 
1, 2,5,6,7 , 8,9 ,11 
1,2,3,4,7 ,8,10 
3,4,5,6,7,8,9,11 
1, 2 , 3 , 4 , 5,6 , 7 , 8, 
9, 11,12 
1, 2 , 
3 ,4,8, 
5 ,6 
7,9,10 ,11 
Miies ot Highway 
Toll Other 
Interstates Roads Routes Totals 
183.8 0 33.0 216 . 8 
0 0 135.9 135.9 
0 0 199.7 199.7 
0 551.8 0 551 . 8 
387.4 0 0 387 . 4 
0 0 462.9 462.9 
36 . 7 0 33 .9 67.6 
76.6 216.8 19 . 6 313 . 0 
221.2 0 102 . 5 323.7 
252 . 7 69.0 82.4 404. 1 
silver-white or yellow lenses. Type-! 
markers, which are nonreflectorized, were 
instal led as part of the first contract in 
1975, but none have been instal led since 
then. They were used in conjunction with 
Type-II raised markers <reflectorized) in 
an attempt to replace painted Jane I ines. 
Even though Type-II markers are 
reflectorized, the specific reflectivity 
is only 25 to 35 percent of the 
reflectivity for the Type-III marker. 
With the exception of the first contract, 
alI raised markers instal Jed i n Kentucky 
have been Type III. 
Data Collection 
Humber of markers installed, mileage 
covered, cost, and other information were 
obtained from contracts and daily work 
sheets prepared by the resident engineers. 
Copies of the plans were sufficient to 
provide necessary data for the five 
original installation contracts. However, 
accurate data for the five replaceme nt 
contracts were not as readily available. 
There, an estimated number of raised 
markers was included on the plans; an 
accurate count was available only after 
resident engineers campi led daily work 
records for their respective projects. As 
an example , plans for a rep lacement 
contract let i n March 1978 showed the 
estimated number of markers to be 113,332 
as compared to final instal lation of 
182,181 mar·kers. 
Other sources of data were the Uniform 
Accident Report File and a pending report 
entitled "Traffic Accidents in Kentucky 
(1978)" (7). The Uniform Accident Report 
File was used to obtain the number of 
accidents before and after instal !at ion of 
the raised markers. 1'1 i I es of various 
highway ~ere taken from the report on 1978 
accident statistics. 
Accident Data Constraints 
Accident analyses for the periods 
before and after installation were 
by two factors. First, constrained 
contracts for 
between Apr i I 
the original installations 
1975 and Febru a ry 1978 
occurred during a period when accident 
reporting in Kentucky underwent 
significant changes . Most of the rai se d 
markers wer·e instal led during 1975. On 
July 1 of that year, uniform accident 
reporting by all police age nci es 
commenced. Prior to that, reports were 
avai !able for app roximately 30,000 
accidents per year f rom the Ke ntucky State 
Pol ice; however, the numbe r of accidents 
available for analyses increased by almost 
100,000 per year when other ag en cies 
submitted reports to a central processing 
unit. This influx of accident reports 
resulted in a significantly larger number 
of accidents r epo rte d after 1975. The 
change in r e porting created a situation 
where it became impossible to determine 
whether accidents were actually increasing 
or the number of reports filed was 
increasing. The second factor which 
constrained the analysis was the 
difficulty in determ ining whic h accid ents 
may be reduced because raised markers were 
instal led . It is ge nerally accepted that 
raised markers are most effective during 
wet, nighttime conditions. Because many 
other facto rs inf luence wet, nighttime 
accidents, it is difficult to pinpoint the 
specific cause for changes in accidents. 
The most complete accident data were 
available for interstate and tol I roads. 
Raised markers were instal led on the to! I 
r oads in 1977 and on a large portion of 
the rural interstate system in 1978. 
Therefore, accident data for time periods 
after impleme ntation of un iform accident 
reporting could be used. 
3 
Results 
ACCIDENT ANALYSIS "before" period and 1979 data for the 
A summary of results from the accident "after" per· i od. For to II roads, 1976 and 
analysis for interstate and to II roads is 1978 accident data wer·e used for the 
presented in Table 3. For interstates, "before" and "after" periods, 
1977 accident data were used for the respectively. The analysis consisted 
Table 3 . Summary of Accident Data Before and After Installation of Raised Pavement 
Markers on Interstates and Toll Roads. 
4 
Number of Accidents 
Total 
Wet 
Dark 
Dawn-Dusk 
\~et-Dark 
Wet (Dawn-Dusk) 
Snow-Ice 
Dark (Snow-Ice) 
Dawn-Dusk 
(Snow-Ice) 
Fatal 
Injury 
Property 
Damage Only 
Percentage** 
Wet 
Night*** 
(Wet-Night)/ 
(Night) 
Wet-Night 
Percent Fatal • 
and Inj ury 
Percent Night-
time Hours With 
Trace or More 
of Rain 
Wet-Night 
Accidents per 
Wet Nighttime 
Hour 
Percent of Hours 
with Snow or Ice 
Dry-Night 
Accidents per 
Dry Nighttime 
Hour 
Interstates 
Before 1977 After 1979 
1518 
208 
560 
63 
78 
14 
369 
152 
15 
24 
468 
1026 
18 . 1 
39 .7 
20.2 
8.0 
32 .4 
10.1 
.227 
3.9 
.103 
1644 
265 
648 
87 
103 
11 
432 
182 
24 
21 
512 
1111 
21.9 
43.6 
21.6 
9.4 
32.L. 
13.8 
. 208 
3.9 
.122 
Toll Roads 
Before* 1976 After 1978 
464 
64 
209 
21 
25 
6 
80 
34 
7 
11 
173 
280 
16.7 
49.2 
16.4 
8.1 
39.7 
9.7 
.080 
2.1 
.046 
613 
73 
302 
35 
30 
5 
136 
55 
11 
7 
185 
421 
15.3 
"56 .8 
12 .9 
7.3 
31.3 
11.4 
.076 
4.2 
.071 
* Toll road accident data for 1976 adjusted to account for change in volume. 
** When percentages were calculated, snow and ice accidents were excluded. 
*** Nighttime accidents included those during dawn and dusk. 
Interstate and 
Toll Roads 
Before After 
1982 
272 
769 
84 
103 
20 
449 
186 
22 
35 
641 
1306 
17.7 
42.1 
19.1 
8.0 
34.1 
9.9 
.155 
3.0 
.075 
2257 
338 
950 
122 
133 
16 
568 
237 
35 
28 
697 
1532 
20.0 
47.4 
18.6 
8.8 
32.1 
12.6 
.147 
4.1 
.097 
of 
comparing accidents; however, changes in 
traffic volumes were considered. Traffic 
counts on the interstates in 1977 and 1979 
showed changes in volume of less than 
one percent. Therefore, no adjustment in 
accident statistics was made. A 
comparison of traffic counts on the tol I 
roads showed a 12-percent increase in 
volumes from 1976 to 1978. The 1976 
accident data were increased by 12 percent 
as an adjustment for the increase in 
volume. 
Accidents were classified into 
categories as shown in Table 3 . 
Primarily, accidents were classified by 
weather and I ight conditions. Accident 
severity was also considered. When 
nighttime accidents were analyzed, those 
occurring during darkness were combined 
with those at dawn and dusk. When the 
percentage of wet or nighttime accidents 
was calculated, snow and ice accidents 
were excluded. 
Generally the major benefit expected 
from raised markers is an improvement in 
delineation during wet, nighttime 
conditions. Therefore, a comparison of 
"before" and "after" accidents during wet, 
nighttime conditions was of primary 
importance. Wet, nighttime accidents as a 
percentage of all accidents and as a 
p~rcentage of nighttime accidents were 
calculated. Considering the respective 
"before" and "after" periods, these 
percentages increased at the interstate 
locations and decreased at the tol I road 
locations. An important factor which had 
to be considered was the amount of 
rainfall in the before and after periods. 
The percentage of nighttime hours with a 
trace or more of rain was found to be 
higher in both "after" periods compared to 
the "before" periods. Therefore, a 
comparison of the number of wet, nighttime 
accidents per wet, nighttime hour was 
made. A small reduction was found. A 
comparison of dry, nighttime accidents per 
dry, nighttime hour showed a large 
increase in the "after" period. It appears 
unlikely the installation of raised 
markers would be related to this increase. 
The increase was probably due to other 
factors including the increase in all 
accidents. 
Another type of accident analysis was 
done in an attempt to more accurately 
determine the effect of raised markers on 
accidents. In this analysis, a control 
section of interstate where markers were 
not present was used to compare to the 387 
miles (623 km> of rural interstate which 
had markers installed in 1978. There are 
552 miles (888 km > of rural interstates. 
Markers had been i nsta I I ed on the 
remaining rural mileage in 1975 and, 
~rimarily due to snowplow damage, had been 
almost eliminated by 1977. Therefore, 
1977 was used as the "before" period for 
the 1978 interstate installation . Markers 
on the portion of the interstate system 
used as the control s e ction were replaced 
in 1979; therefore, alI of 1979 could not 
be used as an "after" period; July 1978 
through June 1979 was used as the "after" 
period. Consid e ring when the contracts 
were undertaken in each of these years, 
this was between the time the marker s were 
instal Jed on the study sections as part of 
the 1978 contract and the replacement 
markers were installed on the control 
sections as part of the 1979 contract. 
A summary of the results from a 
comparison using 
given in Tab I e 4. 
a control section i s 
The most significant 
Table 4 . Comparison of Interstate Lo-
cations With and Without Pave-
ment Markers. 
Rural Interstate 
in 1978 
Installation Contract 
Remaining Rural 
Interstate 
(Control Section) 
Before* After** Before* After** 
Number of Accidents 
Total 1518 
Wet 
Dark 
Dawn/Dusk 
Wet/Dark 
Wet (Dawn/ 
Dusk) 
Snow/Ice 
Dark (Snow/ 
Ice) 
Dawn/Dusk 
(Snow/Ice) 
Night*** 
Wet/Night 
Dry/Night 
*1977 
208 
560 
63 
78 
14 
369 
152 
15 
456 
92 
364 
**July 1978 - June 1979 
1753 
286 
875 
119 
148 
18 
439 
216 
36 
742 
166 
576 
1358 1510 
171 
439 
68 
49 
9 
357 
124 
21 
362 
58 
304 
230 
764 
82 
126 
7 
399 
171 
9 
666 
133 
533 
***Night includes dawn and dusk but excludes snow and ice 
accidents. 
5 
comparisons are between the number of wet-
time and dry-time accidents occurring at 
night, including accidents during dawn and 
dusk but excluding accidents on snow or 
ice. The number of accidents increased 
during the "after" period for both 
interstate sections. Part of this 
increase was related to an increase in 
snow- and i ce-re 1 ated ace i dents in the 
"after" period. The increase in wet-
pavement accidents would be related to an 
increase in the percentage of wet hours. 
The percentage of hours with a trace or 
more of rain was 10.1 in 1977, 11.4 in 
1978, 13.8 in 1979, and 12.4 for July 1978 
through June 1979. Based on testing 
conducted by the Division of Research, 
skid resistance of the interstate system 
has declined slightly over the past 
s e veral years. This decline may have 
contributed to the same increase in wet-
pavement accidents. The important 
comparison is between the increase in 
accidents on sections of interstate with 
raised markers and the sections with no 
markers . The increase was significantly 
smaller for the sections with raised 
markers. The percentage increase in wet-
night and dry-night accidents on the 
control section was applied to accidents 
during the "before" period on the sections 
where raised markers were instal led. 
The se "expected" accident numbers based on 
the control section were compared to the 
number of accidents which did occur. The 
number of accidents which did occur 
r e presented a 21-percent decrease in wet-
night accidents and a 10-percent decrease 
in dry-night accidents from the expected 
number of accidents. Considering the 
percentage of accidents occurring on the 
interstate system during wet and dry night 
conditions, an estimated 4.4-percent 
reduction in total accidents was found. 
The reduction in wet-night accidents 
contributed 1.5 percent while the 
r e duction in dry-night accidents 
contributed the remaining 2.9 percent. 
Estimated systemwide accident 
r e ductions resulting from the installation 
of raise d markers are given in Table 5. 
It is recommended that a 20-percent 
r e duction in ~et-night accidents and a 
10 - percent reduction in dry-night 
ac c idents be used as an estimate of the 
6 
effect of raised markers for systemwide 
instal lations. For the interstate system, 
this corresponded to a four-percent 
reduction in all accidents. This 
reduction in alI accidents would vary with 
the percentage of night accidents on a 
highway system. The four-percent 
reduction for the interstate system would 
be the highest of any highway system since 
the highest percentage of nighttime 
accidents occur on the interstate system. 
Of course, larger reductions could be 
expected for instal lations at specific 
high-accident locations. 
BENEFIT-COST ANALYSIS 
Average cost per accident was 
calculated based on accidents in Kentucky 
and costs of accidents cited by the 
National Safety Council (8). Accidents 
were classified as fatal, injury, and 
property-damage-only accidents. Table 6 
is a tabulation of 1978 accidents and cost 
data. The average cost per accident for 
all accidents in Kentucky in 1978 was 
$3,257; the accident cost was higher 
C$4,603) for accidents on interstates and 
toll roads (1977-1979 data). 
Since raised markers are generally not 
placed on two-lane routes in Kentucky, 
only interstates, four-lane tol I roads, 
and other four-lane routes were 
considered. Table 7 is a summary of 
accidents by type of highway from a 
previous report (7). In addition, at the 
bottom of Table 7 are calculations showing 
the benefit-cost ratio for raised marker 
Table 5. Estimated Systemwide Accident 
Reduction Obtained From Pavement 
Markers. 
Accident Type* 
Wet Night 
Dry - Night 
All** 
Percent Reduction In 
Accidents 
20 
10 
4 
*Night accidents include dawn and dusk but 
exclude snow and ice related accidents. 
**Applies to interstate accidents. The 
percentage would vary depending on the 
percentage of wet-night and dry-night 
accidents on the highway system. 
Table 6 . Accident Cost Data. 
All 
Accidents 
(1978) 
Interstate and 
Toll Road 
Accidents (1977-1979) 
Accident 
Accident Type 
Severity (Dollars) Number 
Fatality 150,000 893 
Injury 5,800 44,480 
Property 850 122,499 Damage Only 
Totals 152,303 
Average Cost Per 
Accident $3,257.00 
Table 7. Cost-Effectiveness of Raised 
Pavement Marker Installations. 
Highway 
Type 
Rural 
Interstate 
Toll Road 
Other Four-
Lane 
Total 
Urban 
Interstate 
Toll Road 
Other Four-
Lane 
Total 
Grand 
Total 
Hiles of Highway 
Type (KH) 
552(888) 
604 (972) 
200 (322) 
1,356(2,182) 
131 (211) 
43(69) 
369(594) 
543(874) 
1,899(3,056) 
Number of 
Accidents 
2,434 
668 
1,605 
4,707 
4,611 
77 
18,972 
23,660 
28,367 
Average cost per mile for RPM installation 
$1,197,935/1,492 Miles = $802.91 
Cost of RPM installation on interstates, 
parkways, and other four-lane routes 
(1899 miles) $1,524,726 
Assume 3 year life - annual cost = $613,108 
Benefits resulting from 4% reduction in 
accidents $3,695,653 
B/C = 3,695,653/613,108 6.03 
Total 
Cost 
(Dollars) Number 
133,950,000 257 
257,984,000 9,180 
104,124,150 17,045 
496,058,150 23,091 
Total 
Cost 
(Dollars) 
38,550,000 
53,244,000 
14,488,250 
106,282,250 
Average Cost Per 
Accident $4,603.00 
instal lations. The average cost per mile 
was $803. This was based on the total 
cost for the five original contracts and 
total mi Jes covered. Assuming an average 
useful I i fe of three years and an interest 
rate of ten percent, the annual cost for 
instal I ing markers was $613,108. The 
annual benefits expected from a four-
percent reduction in accidents would be 
$3,695,653. The resulting benefit-cost 
ratio would be 6.03 . The major benefit 
from raised markers occurs during wet-
night conditions. If only the reduction 
in wet-night conditions was considered 
(1.5-percent reduction in alI accidents), 
the benefit-cost ratio wou I d st iII be 
2 . 26. The benefit-cost ratio is a 
function of accident cost and would be 
higher on the interstate system and tol I 
road system where the average accident 
cost is higher . 
REPLACEMENT FREQUENCY 
The first of five original 
instal Jation contracts was let on April 3, 
1975, and the last on February 24, 1978. 
The five contracts in clu ded installation 
of 700,254 markers on approximately 1,492 
miles (2,401 km) of high~ay. A general 
summary of the type of marker by type of 
highway is presented in Table 8 . Included 
were 571 miles <918 km) of interstates, 
552 mi Jes (888 km) of toll roads, and 369 
miles (594 km) of other four-lane routes. 
Deta i I ed data for the original 
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Table 8. Summar y of Raised Pavement 
Markers by Highway Type 
(Original Contracts). 
Type of Toll Other ·Four-
!larker Interstates Roads Lane Routes 
White Type I 91,320 24 ,02 1 
Type II 27 ,4 54 6,083 
108,248 Type Ill 162,883 78,789 ~1ono 
Type Ill 
BI 
Yellow Type I 
Type II 
156,252 Type II 11,717 
~1ono 
33,487 Type III BI 
Total 
Markers 293 , 374 78,789 328,091 
Miles of 
Highway 57 1.2 551.2 368.6 
Gra nd To tal - 1 , 491. 6 ~1ile s 
Grand Tota l - 700 ,254 tla rke rs 
i nsta II at i on contr·acts are presented in 
APPENDIX A. Included are county, route, 
mi leposts, and number of markers by type. 
On Ma r ch 24, 1978, a contract was let 
for replacement of missing or da~aged 
markers on the primary and secondary 
system and for original installation of 
markers on new sections (approximately 96 
miles (154 km>> of four-lane highways. 
Damaged marke rs were defined as those 
"visibly dam aged or cracked." This 
contract was used to replace 182,181 
markers even though the estimate was for 
only 113,332. Of the 182,181 markers 
installed , 47,233 were on new routes. 
Table 9 is a su~~ary of markers by type 
and highway. Details about the locations 
and markers covered in the contract are 
presented in APPENDIX B. 
A s e ries of contracts were let on 
April 20, 1979, for marker replacement and 
new installations. Only 17,325 of the 
199,815 markers installed under these 
contracts we re on new highways 
( ap proximate ly 61 miles (98 km)). The 
four contracts let in 1979 to replace 
mar kers we re groupe d by highway districts 
rathe r than having a single contract to 
cove r the e ntire state as was done in 
1978 . Table 10 summarizes the replacement 
prog ra m in 19 79, and APPENDIX C presents 
de tail e d i nf or ma tion. 
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Table 9. Summary of Raised Pavement 
Harkers by Highway Type (1978 
Replacement Contract). 
Type of 
Marker Interstates 
White Type I 
Type II 
Type III 
11ono 
Type III 
BI 
Yellow Type I 
Type II 
Type III 
Mono 
Type II 
BI 
Total 
Harkers 
Hiles of 
Highway 
Grand Total - 462.9 Miles 
Grand Total- 132,181 Markers 
Toll Other Four-
Roads Lane Routes 
132,787 
1,218 
48,176 
182,181 
462.9 
A summary of work under each contract 
was prepared to determ i ne the frequency of 
replacing markers. Of the 700,254 markers 
placed during original installations, 
134,948 (19 . 3 percent of the total) were 
replaced in 1"978 and a total of 141 , 494 
(20.2 percent of the original total> in 
Table 10. Summary of Raised Pavement 
Markers by Highway Type (1979 
Replacement Contracts) 
Type of 
Uarker I nte rstate 
ifui te Type I 
Ty pe II 
Ty pe Ill 
11ono 121, 475 
Type I II 
BI 
Yellow Type I 
Type II 
Type Ill 
!1ono 2, 968 
Type Ill 
BI 
Tota l 
Marker s 124,443 
~Iiles of 
Hi ghway 587. 2 
Grand Total- 1, 108 . 4 Hi les 
Grand Total - 199 ,8 15 Ma rkers 
Toll Ot her Four-
Roads Lane Rou t es 
33 , 351 36 , 472 
426 
5,1 23 
33 , 351 42 ,021 
285 .8 235. 4 
1979. Therefore, a total of 276,442 
(39.48 percent> markers involving original 
installations were replaced. Original 
marker instal lations replaced in both 1978 
and 1979 total 26,351 (3.8 percent>. In 
addition, it was found that 14,789 of the 
new markers i nsta I I ed in 1978 wer·e 
rep I aced in 197 9. A summary of the 
replacement frequency data is presented in 
Table 11. These data show that 473,437 
markers <62 percent> remain intact after 
their initial installation, 264,880 <35 
percent> have been replaced once, and 
26,351 <3 percent) have been replaced 
twice. It should be pointed out that some 
markers ha ve been installed five years 
while others have been on the roadway only 
one year. An exa~ple of the replacement 
frequency over a one-year period can also 
be shown from the resu Its presented in 
Table 11. Instal lations at new sites in 
1978 (47,235 markers> which were replaced 
in 1979 (14,789 markers) total 31 percent. 
This shows that about one-third of the 
markers were in need of replacement after 
ono of the more sever·e winters in recent 
years. 
REFLECTIVITY 
Specification testing for reflectivity 
was conducted on specimens of raised 
m.arkers to meet requirements of Spec i a I 
Provision No. 14 on raised pavement 
marker-s. The samp I es came from shipments 
for various projects beginning in 1975 . 
Except for a large quantity of Permark 
markers <Type II> used in 1975, the 
remaining contracts specif ied highly 
reflective, Type-III ma rkers <St ims oni t e 
and Ray-0-Lite>. Results of the 
acceptance tests a r e shown in F igures 1 
through 4. The Stimsonite mar kers had 
substantially higher reflect iv ity than 
Ray-0-Lite mar kers. A number of mar ke rs 
fai Jed to meet the reflectivity 
requirements. Several sh i pme nts. 
therefore, were not accepted . 
Limited durabi I ity testing of ma r kers 
under traffic conditions <AADT of about 
32,000 vehicles per day) was conducte d on 
Lexington's New Ci rcle Road. The lane 
I ines of the road were mar ked wi th raise d 
markers between July 29 and August 21. 
1975. The system of marking involved five 
white markers spaced 3 3/4 feet (1.14 m> 
apart to represent the stripe. Four of 
the se markers were nonreflective <Type I> 
whi Je the last marker was reflectorize d 
<Ty'pe II>. A highly reflectorized marker 
<Type III> was placed 3 3/4 feet <1.14 m> 
in c1dvance of the simulated I ine. Spacing 
bett~e en stripes was 25 feet ( 7 . 62 m) . The 
Type-! and Type-!! markers were both 
Perma r k, and t he Type-III markers we r e 
Ray-C-Lite. 
Twenty of each of the reflectorize d 
raise d markers were re moved from the 
roadt..tay (outer loop) at every mile marke r 
location on October 15. 1976. Se veral of 
the Permark markers fractured whi Je being 
removed from tha pavement. Their lens 
systeons, however, remained intact. The 
adhesive and fragments of the pavement 
were removed from the bottom of the 
Table 11. Raised Pavement Marker Replacement Frequency Data. 
Original Installations 
1978 Replacement Contracts 
1979 Replacement Contracts 
Original Installations Replaced in 1978 
Original Installations Replaced in 1979 
Original Installations Replaced in both 1978 and 1979 
Markers Replaced In 1979 After Original Installation in 1978 
Installations at New Sites in 1978 
Installations at New Sites in 1979 
Markers Intact After Initial Installation 
Markers Replaced Once 
Markers Replaced Twice 
Number of 
Markers 
700,254 
182,181 
199,815 
134,948 
167,845 
26,351 
14,789 
47,233 
17,181 
473,437 
264,880 
26,351 
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Figure 1. Distribution of specific reflectivity values on Stimsonite and Ray-0-Lite 
Silver-vfuite, raised markers (type III) measured at 0.2-degree and 0-de-
gree angles of divergence and incidence, respectively. 
markers by grinding. Reflectivity tests 
were then conducted with the markers in 
the condition as they arrived from the 
field and after cleaning with water. The 
mar ke rs we r e also tested in a wet 
condition by applying a solution of water 
and mild detergent onto the face of the 
lens. 
The results showed that the Permark 
markers we re nonreflective at night in 
both dry and wet weather and that they had 
not functioned for some time before then. 
The daytime appearance of the markers was 
15 
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SPECIFICATION 
significantly degraded also -- they no 
longer exhibited a white, glossy surface. 
The Ray-0-Lite markers continued to 
provide adequate delineation of the lane 
I ine even though the mar·kers had lost much 
of their original reflectivity. In wet 
conditions, the markers became much 
brighter compared to dry conditions. On 
December 9, 1977, another set of Ray-a-
Lite markers was removed from the lane 
I ine of the roadway for reflectivity 
testing. Ray-O-Lite markers continued to 
pr·ov ide adequate de I i neat ion of the I ane 
D STIMSONITE 
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SPECIFIC REFLECTIVITY 
(CANDLEPOWER/ FOOT-CANDLE/ UNIT MARKER) 
Figure 2. Distribution of specific reflectivity values on Stimsonite and Ray-0-Lite 
Silver-\Vhite, raised markers (type III measured at 0.2-degree and 20-de-
gree angles of divergence and incidence, respectively. 
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Figure 3. Distribution of specific reflectivity values on Sti~sonite and Ray-0-Lite 
Amber, raised markers (type III) measured at 0.2-degree and 0-degree 
an~les of divergence and incidence, respectively. 
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Figure 4. Distribution of specific reflectivity values on Stimsonite and Ray-0-Lite 
Amber, raised markers (type III) measured at 0.2-degree and 20-degree angles 
of divergence and incidence, respectively. 
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1 ine t! u,· ing wet, nighttime conditions. 
DLrr- ing dry conditions, the marker·s were 
di m and .?rovidod poor de lin ea tion of the 
roadway. The per formance of the markers 
may be ascertained from Figure 5, which 
s hows the ave rag e specific reflectivity 
and percentage of original brightness 
versus time in service. If the brightness 
of the markers diminished according to the 
projection of the I i nes in the graph for 
the period beyond December 1977, the 
markers were essentially nonreflective by 
early 1979. 
Replacement of missing 
markers may at times be 
However, introduction of 
amongst the older markers, 
nighttime brightness may 
and damaged 
compelling. 
new markers 
whose dry, 
be below 25 
percent of new markers, may negate the 
effectiveness of the old markers and 
generally create nonuniform appearance of 
th& I in es . This is r·elatec! to a drive r's 
tendency to visually focus on the 
brightest spot in the roadway. 
Another evaluation of raised markers 
was made to test the effectiveness of an 
abrasion-resistant coating on the lens of 
Stimsonite markers. In October 1979, ten 
markers with the abrasion-resistant 
coating on the lens and ten with the 
regular lenses were placed on New town Pike 
in Lexington. In March 1980, five of each 
type of marker were removed and the 
reflectivity was tested. Results showed 
that the markers with the abrasion-
resistant coating had consid e rably higher 
reflectivity levels than the marke rs with 
the regu 1 ar I enses. For mad<ers with 
silver-white lenses tested a t 0.2 degree 
of divergence and 0 degree incidence, the 
lenses with abrasion-resist an t coa t ings 
had a specific reflectivity l s vel o·f 0.58 
candlepower per foot-candle per unit 
marker as compared to a sp ecific 
reflectivity level of 0.0555 fer t.he 
markers with the regular lenses. 
Summary and Conclusions 
Contracts for i nsta II at ion of 
1,082,250 raised markers were awarded 
betwe e n 1975 and 1979. Included were ten 
contracts on sections of over 3,000 miles 
(4,827 km) of highway at a total cost of 
$1,931,059.70. The average cost per 
marker was $1.78. The first five 
contracts t~e r e for or i g i n a I i n s t a I I at i on , 
and the last five were primarily 
r e placement contracts. 
Results from the accident analyses of 
data on interstates and toll roads before 
and after instal Jation of the raised 
markers indicate there was a decrease in 
the rate of wet, nighttime accidents per 
wet, nighttime hour; however, there was 
an increase in the number of dry, 
nighttime accidents per dry, nighttime 
hour . Another analysis was made using the 
interstate data in an attempt to determine 
th e effectiveness of raised markers. In 
a control section without 
used to compare to the 
marker·s i nsta II ed in 1978. 
showed that a 20-percent 
wet-night accidents and a 
reduction in dry-night 
that analysis, 
markers t~as 
sections with 
The analysis 
reduction in 
10-percel)t 
accidents resulted on the ssction of 
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roadway having raised markers. These 
percentages may be used to estimate the 
effectiveness of raised markers in 
systemwide installations. For the 
interstate system, this corresponded to a 
four-percent reduction in all ac~idants. 
This percenta·ge wou 1 d vary with tl:e 
percent of night accidents on a highway 
syst8m. 
A summary of the frequ~ncy of 
replacement for raised markers showed that 
473,437 mar~ers C62 percent> remained 
intact, 264,880 (35 percent) have been 
replaced once, and 26,351 (3 percent) have 
been replaced twice. About one-third of 
the markers installed on new sections of 
highways in 1978 t..'ere in need of 
replacement in 1979. This loss, which was 
less than most estimates, occurred even 
though the winter of 1978-1979 was one of 
the more severe during recent years. 
Raised pavement markers were found to 
be cost effective. The benefit-cost ratio 
was 6.03. 
Generally, the durability of 
markers has been good except for 
resulting from snowplows. 
raised 
damage 
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Recommendations 
Ra ise d mar ke r s are a co s t-effe c tive 
m~ .:1n s of de l ine<~ting r·oad .:; , especially 
dur i ng we t, nightti me conditions. Thei r 
ci u r <: b i I i ty has bee n adequate when I' U b be r-
t ip p ~ d s nowplow bl ad e s have been use d; 
however, i n ,1 ; e as such as Lexington t~ h::re 
s t £e l bl ade s are ~ s ed, conve ntional 
marke rs ar e not practic a l since most of 
t he m.;; ker s must be rep I ace() annua II y. 
Therefore, it is r 0cornrr.cnd e d th.:.t raised 
mild!. e r s be m,1 in ta i ned on I y on the 
mu!tilane highways i~ areas wh e re rubbar-
tip ped !:.ncl~plow blade s will be used. 
Fut u;e r e pl acement contracts should 
r e quire the r emoval of old ma rke rs. The 
Fr <? c tice o f placing ll 2 vJ mar kers adjacent 
to old on e s , as shown in Fi 3ura 6, should 
not ca nt i nu a . In areas t.•here stee I b I ades 
er e use d, the only alternative is to us e 
s nooJp I owab l e mark e r·s. It is recommended 
th at r ese arch concerning evall!ations cf 
s nr.; wpl c.vJab! e markers be condu ct e d l~ith th,~ 
obj e c t ive of d a ~e rm ! ning if snowplowa ble 
ma rker s a r o cost - e ff e cti ve. 
For systemw ide installations, the 
accident r e ductions cited in Table 5 
should be us e d. A 20-per·cent reduction in 
we t-night accidents and a 10-percent 
reduction in dry-night accidents may be 
used as an estimate for systemwide 
instal lations . 
Results from a previous study showed 
that raised markers are an effective 
safety measure at high-accident sites (4). 
Many of these sites were isolated 
locations where use of steel snowplow 
blades make conventional markers 
impractical. Greater accident reduction 
expected at these locations may justify a 
higher installation cost. Snowplowable 
markers may be cost-effective at selected 
high-accident locations after proper 
evaluations of the avai I able snowplowable 
markers have been completed. 
It is recommended that 
Provision No. 14 on raised 
markers require the lens to 
abrasion-resistant surface. 
Special 
pavement 
have an 
Figure 6. A new marker placed adjacent to 
old markers. 
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Table Al. Raised t~arker Installation on Interstates. 
PAVEME II T MARI:ER QUANTIT IE S 
WHITE YELL OW 
COII TRACT TOTAL TYPE I II 
IIUIIBER ROUTE MILEPO STS J1IL I: S TYPE I TYP E II tJOI!O BI TYPE I TYPE I I 
5 I-6 4 0 . 0 - 191.5 11 5 . 1 32 303 
! I- 6 4 5 . 0- 74 . 5 6 9. 5 73 6 0 2 243 12 13 4 
SUBTOTAL 18 4 .6 7360 2 2 4 3 4 4 437 
5 I-65 0 . 0 - 9 4. 1 9 4 . 1 2 6 43 2 
1 I-71 0 . 0 -9. 1 9 . 1 9571 23 9 3 269 3 
5 I-71 9. 1-7 7 . 6 68 . 5 19234 
S UB TOTAL 77 . 6 95 7 1 2 3 9 3 2 19 27 
I-75 0 . 0 - 109 . 7 10 9. 7 30 713 
I-75 109 . 7- 19 1 . 8 8 2 . 1 45 3 45 1326 4 2 92 35 
SUBTOTJ\L 19 I. 8 453 45 13264 599 48 
I-264 0 . 0 - 23 . 1 2 3. 1 29 04 ~ 9554 10 I 3 9 
TOTAL 571 .2 9 13 20 27454 16288 3 
Table A2. Raised Marker Installation on Parkways. 
COIIT P. ACT 
l!U IID :: R 
4 
4 
4 
RO UTE 
1:'{ 9 001 
l : "i 9 00 8 
1: '{ ~0 02 
1:1 ~ 000 
V.1 9003 
.. : ~· 900 4 
I:Y 9 005 
I:Y 9007 
r:y 9001 
TOTAl. 
TOT f L 
MILE ros Ts t1ILES 
10 . 0 - 13 6 . & 126 . 8 
0 . 0-8 7.!:'1 8 7 .5 
0 . 0-71 .1 7 1. 1 
0.0-4 2. 7 4 2 .7 
0 . 0-52.3 52 . 3 
7 . 0 - 7 8.4 71 . 4 
0.0- 2 3 .5 2 3 . 5 
0 . 0- 7 0 . 2 70 . 2 
3 . 7-10 . 0 6 . 3 
551 . 8 
PAVEHEIIT MAP.J :E R £ UAH TITIE S 
WHITE YELLOW 
TY F F. III 
TYPE I TYP E II tiO!iO DI TYPE I TYPE II 
17$87 
12096 
10 089 
5 9S6 
7 5 57 
10S2 5 
3 297 
10 167 
885 
78 7 8 9 
TYPE III 
tJOIIO BI TOTAL 
2640 34943 
21737 
2640 566SO 
26432 
14 65 7 
19234 
3369 1 
30713 
32~0 9 1134 
3290 12 1847 
5787 54524 
1717 293374 
7YPE III 
IlOilO BI TOTAL 
178 87 
120 9 6 
10089 
5986 
7557 
10825 
32n 
10167 
885 
78789 
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Table A3. Raised Marker Installations on Other Four-Lane Highways. 
COIITRACT 
IIUMBER 
18 
3 
2 
3 
2 
COUIITY 
AHDER SOII 
BELL 
BOOHE 
BOONE 
BOOtiE 
SUBTOTAL 
BOYD 
BOYD 
BO YD 
BOYD 
SUBTOTAL 
BO 'ILE 
BOYLE 
SUBTOTAL 
DAVIE SS 
DAVIE S ~ 
o,,VIE ~S 
OAVIE SS 
SUBT07AL 
ROUTE 
us 127 
us 25£ 
us q2 
us 25 
I:Y 18 
us 23 
us 60 
us 60 
I:Y 180 
us 12 7 
us 150 
us 60 
us 60B 
us q31 
u:; q31 
CHRISTIAN US q11 
FAYET TE 
FA'iETTE 
FA'l ETTE 
Fl."iETTE 
FA 'lETTE 
FA '!' F.T'i"E 
FA\' ETTo 
S UBTOTAL 
FLO YD 
f R 1.111: LIH F P..~ Jo: r.r11 
FP. AHJ :Ll tl 
fRA JO: l lll 
fP. ,\ 101: t, JJI 
!iUli TO T.\ L 
J:Y q 
us 25 
us 27 
us 60 
us 23 
us q2 1 
U!,; 60 
us 127 
us 42 1 
us 46 0 
H~P. OTH II !; 311..!3 
lll P. DI H U~ 31W 
~UBTOT AL 
Hl:IIOEr- SO Ji US 4 1 
JEffE P.SO II 
J EF FE P~O II 
Jf.f f LF.!.iO I\ 
J ;; rrr:P.~;oH 
J EffE .SOH 
JL' ff E:!'.SIJ H 
Jf.F FEP. !;O I( 
J I: ffE!t~) OH 
Jr.rr EP.::;o H 
JE? fE i: :iOH 
J Eff EP. ~ O)( 
J Er r E P ~iOH 
SUB TOTAL 
US 31E 
US 3 I E 
U ~; 3 I :.J 
u:; oo 
u:: 6 0 t. 
u:; ll2 
I " { 6 1 
~ : "{ 15 5 
I: Y 8q 1 
I:Y 864 
1: 'i 170 3 
r r:Gf. H-
BU~H 
us ?5 
I:IIOX US 25E 
LAUP.£L US 25 £ 
Llll CQ J, )( u:; 150 
MC CP.r. C1: F. H US 60 
MC CRt.C I:F. H US 45 
S UB TO TAL 
MEADE 
MEP.CER 
PU LA S1: I 
PULAS1: I 
PULA SI:I 
SU BTOTAL 
PII:E 
WOODFORD 
TOTAL 
US 31W 
us 127 
us 27 
~ ¥ &0 
u · 80B 
us 23 
us 6 0 
PAVEMEIIT MAR KER 2UAIITITIES 
WHITE YELLOW 
TOTAL TYPE III 
MILEPOSTS MILES TYPE I TYPE II MOllO BI 
0 . 0-2 . 5 
2 . 2-12 . 9 
1 q . 1-15 . q 
10 . 6-11. q 
10 . q-15 . 1 
10 . 2-20 . 8 
q. 1- 10 . 0 
10 . 0-1 2.q 
0.8-2 . 5 
7 . 5-9. 7 
16 . 8-18.9 
10.0 -11 . 8 
1 q . 1-17 . 1 
0 . 0-10.2 
10 .4- 13 . 5 
13 . 5-1q .7 
2 . 5 
10 . 7 
1. 3 
0.8 
q _7 
6 . 8 
10. 6 
5.9 
2 . 4 
1 . 7 
20.6 
2 . 2 
2. 1 
4.3 
4.8 
10 . ~ 
3 . 1 
1 . 2 
18 . 1 
0 . 0-15.3 15 .3 
0 . 0 - 19.3 
& • 1- 13 . 4 
111 . 6 -1 5 . 1 
0 . 3-q,g 
6 . 0-10 . 0 
0 . 0 - 7.q 
8 . 2-12.4 
2.3-6.2 
0 . 0 -3 . 1 
8. 6- 1 1 . 2 
0.0- 16 .9 
3. 1-6 . 6 
5 . 9-7 .8 
8. 6- 1'1. 0 
4.5 - 6 .2 
3 . 1- 6. 6 
0 . 0- 1 . 4 
19. 3 
5.8 
8.6 
I 1 . 6 
3.9 
3. I 
2 . 6 
5 '1 . 9 
1 G. 9 
3.5 
7 . 3 
1 . 7 
3.5 
1 .'1 
17 . lt 
0 . 8 - 3 .8 3.0 
17.9-35 . 2 17 .3 
2~. 3 
1 3 . 6-21.~ 7.o 
5 . 8 - 12 . 0 
12 . 0- 13 . 7 
0. 0- 1 5 . l j 
O.O- Q. 4 
0.0-7.8 
1 . 1- 1 1 . $ 
2. 4- 10 . 1 
1 0 .?.- 17. 4 
0.0 - 5 .9 
0.7-7.') 
11 . 9 -1 ,, . 2 
0 . 0 - 2 . 3 
4 . 8-1 1 . 7 
0.0 - 2 . 0 
. 0-4 . 4 
13. 5 - 19 . 5 
0. 1- 12. 2 
6 . ~ 
1 . 7 
1 5. 11 
9 .4 
7.8 
10 . . , 
7 .7 
7.2 
5 .'1 
3.!i 
2. 3 
l . t. 
77.8 
6 . ~ 
9 .7 
2 .0 
4 , It 
6.0 
u. I 
1 2 . 1 
0.0- 3. 6 3 .6 
o . o-q . 1 16 . 4 
q_9- 17 . 2 
11.3-17 .q 
21 .6 -29 . 5 
0 . 3-3.6 
6 . 1 
7.'? 
3. 3 
17 . 3 
36.& ~ q3.& 7 . 0 
0.0-13 . 0 13 . 0 
366 . 8 
20363 
20363 
365 8 
3 6 58 
24 021 
5 09 1 
5091 
992 
992 
735 
3090 
378 
2 11 
1353 
1942 
3070 
1699 
638 
513 
5 92 0 
6 5·o 
6 0 1 
1251 
13 94 
33~ 6 
909 
328 
5 ')77 
659 1 
16G 1 
2340 
3270 
1 14 1 
900 
7~~ 
16 67 2 
4891 
I 130 
20 3 3 
4 94 
370 
5 0 17 
5 $C7 
ZC8 3 
?.C77 
9 11 
5 3~~ 
2 ·; 17 
2 0 :; G 
2r.J5 
2 ' · 0.9 
I~ f 5 
1 ~:);) 
9 11 
t.lU3 
47 5 
2805 
566 
1263 
17 4 2 
17 7 1 
35 1 3 
1044 
q744 
1768 
2282 
978 
502:} 
zoq7 
36 1 11 
6 083 108248 
TYPE I TYPE II 
TYPE III 
MOllO BI 
1338 
5618 
686 
2460 
3) 46 
528 0 
3094 
935 
9309 
1184 
1 oc.s 
22'12 
2 5 3 '1 
1656 
4 19 0 
8073 
10 180 
2BJ 
252t 
4 115 1 
2 07 ~ 
l o:l6 
130Z 
25062 
8t:105 
18j4 
23 76 
S98 
I t!) '' 
•:t6 
5024 
lj 0 J s 
3 36 3 
3~ S 
23 JJ 
27-.0 
3 1 I :; 
12 ~4 
1 2 1 ,, 
5 0 
50 
422 
50 
522 
300 
1277 
1577 
50 
50 
100 
5~7 
637 
227 
251$ 
2196 
50 
53 
100 
514 I 
193 ?. 
~71 
1 ~ ~ c 
,, ,; c;: 2 
!' 1 ~ ~ 
1 ~ ~; 3 
1 (. :;J 
~ ;.l 
6 1 (\ 
26~ 10 15447 
51(' 6 
105 0 
1 .;~ c 
2746 
I 9 0 1 
30';7 
3 2 19 
4 150 
1781 
9 ISO 
3~26 
6885 
3 6 1 u 
50 
50 
2 3 'j' u 
153 1 3>n 
50 
50 
15 6 252 33487 
TOTAL 
2073 
8758 
1114 
633 
3363 
5610 
8650 
47H 
1 ~ 15 
1448 
16806 
1834 
1739 
3573 
4028 
33~6 
2505 
9~5 
1035 :; 
1 ~50 / 
~2?.25 
~73 C 
7 3 ihl 
~ 9 17 
32u 6 
25G5 
2 ~ 1 I 
72 329 
1 3 ., ~ l> 
7 ;)1;4 
(• ]I; C 
1 ~ 92 
1 {.l}4 
1229 
10 U I i 
~ :; ~ - r; 
1:.. 151 
1 Uf• 0!.. 
5 -~ :; •) 
: :) ~) I 
1 ~!j (; I 
7 ·j u:l 
u I 3~ 
CE•0 ti 
l~ !) l· !J 
s ·; :J :; 
' >7 ~ 3 
2'i 3 3 
i:1$1. 
I :1l. :J 
06026 
5'12 '1 
79 .; 4 
1 & 45 
3.; 1 1 
5 171, 
4~92 
1 o 1 u6 
2945 
133 3 1 
4 ~3 7 
64t-l 
7. 759 
1q2:8 
5773 
10499 
32S09 1 
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Table 81. Raised Marker Replacements and Original Installation on Other Four-Lane 
Highways. 
PAVEMENT M~Rl:ER QU~NTITIES 
\.:HIT£ YELLOW 
COHTRACT TOTAL TYPE III TYPE !II 
NUMBER COUHT Y ROUTE MILEPOSTS MILES TYPE I TYPE II MONO BI TYPE I TYPE II MOHO a I TOTAL 
ANDERSON us 127 0 . 0 - 2.5 2.5 687 14 701 
BELL us 25E 2 . 2-12.~ 10 . 7 5003 72 5075 
6 BOONE us 25 10 . 6-11.4 0 . 8 88 382 470 
6 BOONE us 42 14. 1-15 .4 1 . 3 327 376 703 
6 BOONE I: Y 18 10 . 4-15 . I 4.7 1185 1185 
6 DOO KE KY 2 I 2 0 . 0-1.1 1 . 1 269 269 
6 BOONE V.Y 237 7.6-9 . 4 1 . 8 430 4 30 
SU BTOTAL 9 . 7 2299 758 3057 
6 BOYD us 23 10.2-20.8 1 0 . 6 37 0 370 
6 aO YD us 60 4 . 1- 12. ,, 8. 3 22 18 929 3147 
6 BOYD Y.Y 180 0 . 8 -2 .5 1 . 7 50 5 112 617 
SUBT OTAL 20 .6 2723 1411 4134 
6 BOYLE us 127 7 .5-9.7 2 . 2 624 18 642 
6 BO YLE us 150 16.8-18 .9 2 . 1 652 50 702 
SUBTOTAL 4 . 3 1276 i>8 1344 
6 CALLOWAY us 64 1 6 . 6-8. 1 1. 5 356 356 
6 CALLO:.IAY us 64 1 9.7-12 . 3 2 .6 618 61 679 
SUBTOTAL 4. I 974 61 1035 
6 CAMPBELL us 27 10.3 - 21 . 4 11 .1 2670 2438 5108 
6 CAMPBELL I: Y 9 15.5-17.0 I. 5 
6 CAMPBELL I: Y 112 0 3 . 4-4 . 9 1 . 5 345 484 829 
6 CAflPBELL I: Y 1892 0 . 0-2 .6 2 .6 399 399 
SUBTOTAL 16.7 3414 2922 6336 
CARTER KY 7 10.8-11.5 0 . 7 157 332 489 
CARTER I:Y 1&7 10 . 6-11.7 1 . "1 27 6 360 6 36 
SUBTOTAL 1 . 8 433 i>92 1125 
CHRISTIAN us 4 1 A 0 . 0-15 . 3 15 . 3 4 195 4 195 
CHRISTIAN IJS 41 8 . 7-11.4 2.7 1479 82 1561 
CHRISTIAN us 4 1 12 . 4-15 . 0 2.6 
SUBTOTAL 20 . 6 5674 8 2 5756 
CL ARK I: Y 627 8.3-9 . 8 1 . 5 451 30 481 
CLAY us 4 2 1 16 . 9 -18. 1 1 . 2 312 312 
DAVIESS us 60 10 . 0- 17 . 1 7 . 1 1209 15 1224 
DAVIESS us 4 31 10 . 4-14 .7 4 . 3 1370 503 1873 
SUBTOTAL 11 . 4 2579 518 3097 
6 FAYETTE us 25 8 . 1- 13 . 4 5 . 3 580 270 
850 
6 FAYETTE us 25 14 . 6-15. 1 0 . 5 1227 
41 1268 
6 FAYETTE us 60 0 . 0-7 . 4 7.4 2077 
390 2467 
6 fAYETTE us 60 8 . 2-12 .4 4 . 2 146 3 925 
238 8 
6 fA YETTE us 68 2 . 3-6 . 2 3 . 9 505 
1347 185 2 
6 FA "/E TT E us 27 0 . 3-4 . 9 4.6 11 S 5 
684 1869 
6 FAYETTE us 27 6.0-10 . 0 4 .0 1026 
66 0 1686 
6 FAYETTE Y.Y 4 0 . 0 -19.3 19 .3 5&37 
5837 
6 FAYETTE 1:Y 922 0 . 0 - 3. 1 3. I 1420 
2 3 1443 
6 F~ Y ETTE 1: Y 1974 8 . 7-11. 2 2.5 904 
20 924 
SUBTOTAL 54 .8 16 224 
4360 20584 
FLOYD us 23 0 . 0-16.9 16 . 9 4657 
46 57 
c 460 
6 FRAH V.LIH us 60 5 . 9-7 . 8 1 . 9 2878 4805 
6 FRAH1:LIH us 60 8 . 6-1'1.0 5 . 4 t~:!7 
6 FRAHI: LIH us 127 4 . 5-6 . 2 1 . 7 571 
17 5 746 
6 FRANKLIN us 421 3 . 1-6 . 6 3 . 5 1125 
1125 
6 FRANKLIN us 460 0 . 0 - I . 4 1 .•o 3 7 
16 9 516 
SUBTOTAL 13 . 9 3'?70 
3222 7192 
GARRARD us 27 2.6 -3 . 7 1 . 1 z~ 
599 883 
587 1037 
GARP. ARD us 27 15 . 1-16.5 1. 4 50 5 87 599 192 0 
SUBTOTAL 2.5 .> 
GREENUP us 23 0 . 0-5 . 4 5.4 6591 
3437 10 02S 
HARDIN us 31WB 0.8-3 . 8 3 . 0 60 
12 I 725 
.. 569 3001 7570 HARDIN us 31W 17.9-37 . 2 19. 3 1497 237 3 
H A P.DIIl us 62 17 . 1-20 . 1 3 . 0 S76 46 19 10668 
SUBTOTAL 2 5 . 3 60 .. 9 
HARLAN us 421B 0 . 0-1 . 2 1 . 2 7!'6 
42 838 
HEIIDERSOH 4 I 13 . 6-21 . 2 7 . 6 2 143 
2143 
us 
Hi:HDERSOH us 4IA 13 . 2-17 . 3 4. I 21Q3 2143 SUBTOTAL 11 . 7 
31W 0 . 0-2 . 0 2.0 13S7 
516 1903 
6 JEfFERSON us 3225 
6 JEfFERSON us 31W 2 . 0-15 . 0 13 . 0 3225 164 164 
6 JEffERSON us 31W 15 . 0-15 .4 0 . 4 3318 569 3887 6 JEffERSON us 31£ 5 . 8-13 . 7 7 . 9 2206 6450 
6 J!:Ff!:RSOII us 42 1.1-11.8 I 0 . 7 
4 2 44 2813 281 3 
6 J EFfEP.SOH us 60 0 . 0-9 . 4 9 . 4 537 4 2091 746 5 
6 JEffERSON us 60A 0 . 0-7 .8 <. s 2727 3012 57 39 
6 JEffERSO N 1:"/ 6 1 2 . 4-10. 1 7 .7 1717 407 2124 
6 JEffERSON 1:1 155 10.2-17.4 7 . 2 1155 30 1185 
6 JEffERSON ,;y 84 1 0. ~ -5 . 9 5 . 9 213 314 527 
6 JEffERSON Y.Y 8 6 4 6.7-7 . 9 1 . 2 1239 
6 JE ffERSOil ,;y 864 I 1 . 9-14 . 2 2.3 
1239 9 39 
6 JEFFERSOII V.Y 1703 0 . 0-2 . 3 2 . 3 
939 729 1231 502 
6 JEffERSOll FGIIBUSH KY864-US31E 26040 12851 38891 SUBTOTAL 77 . 8 
0 . 0-1.2 1. 2 212 
631 843 
JESSAMII+E us 27 
6 . ~ 1693 
278 8 4481 
6 I: EHTOH us 25 4 . 8 - 11 . 7 Z9l.i 232 526 
6 Y.EHTOH 1:Y 16 13 . 5-14 . 7 1 . 2 7 0 1 701 
6 1: ENTOll l :•t 17 16 . 1-19 . 1 3 . 0 27 9 279 
6 •:EHTOH I: Y 1303 14 .2 -15 .2 1 . 0 2967 3020 5987 
SUBT OTAL 12 . 1 
Table 81. Rai sed Marker Replacements and Originai Installation On Other Four-Lane 
Hi ghways (continued). 
PAVEMEIIT MAR~ER QUANTITIES 
I'HITE YELLOW 
COIITRACT TOTAL TYPE III TYPE III 
HUMBER COUIITY ROUTE MILEPOSTS MI LES TJ'P£ I TYPE II MOllO BI TYPE I TYPE II 110110 a I TOT AL 
I~ II OX us 25E 16.9-26.6 9 . 7 27~0 27 2 76 7 
LAUREL us 25E 0 . 0-2.0 2 . 0 53~ 26 560 
LIIICOLII us 150 0. 0 -~ . ~ ~ - ~ 108~ ~6 1130 
LIIICOLH us 27 15 . 1-17 . 3 2 . 2 ~ 19 6 6 ~85 
SUBTOTAL 6.6 1503 11 2 1615 
6 LIVIHGSTOH us 62 0 .9-2.9 2 . 0 592 5 8 650 
6 LIVIIIGSTOH KY ~53 2 . 0 - ~.3 2. 3 625 6 8 693 
S UBTOTAL ~ . 3 12 17 126 1 3 ~3 
LYOH us 62 ~ . 7 -9.~ ~.7 1235 100 1335 
MC CRACKEH us 60 13.5-19 . 5 6.0 1579 1858 3 ~ 37 
MC CRACI:EH us ~5 6 . 1- 12 . 2 6 . 1 1872 1 ~3 1 33 03 
MC CRACI~ EH us 62 12 . 8-16 . 0 3 . 2 100 I 22 1023 
MC CRACI~ EH us 66 0. 0 - 1 . 3 1 . 3 ~03 38 441 
SUBTOTAL 16 . 6 tiS 55 33~ 9 820~ 
6 MADISON us 25 16 . 9-17.3 0 . ~ 
6 MADISOH us 25 18. 1-19. 3 1 . 2 tJ51 1902 23 53 
6 MADISON 1 ~ y 876 7 . 2-8 . 9 1. 7 ~65 32 4 9 7 
SUBTOTAL 3 . 3 916 1934 2 850 
MAP.SIIALL us 6~1 7. 9-9 . 1 1 . 2. 360 304 6 8~ 
MEADE us 3111 0 . 0-3.6 3 . 6 962 964 19 26 
MERCER us 12 7 0 . 0- ~ . 1 4 . 1 1 12 1 1121 
MERCER us 127 ~.9- 1 7 . 2 1 2. 3 3210 32 10 
SUBTOTAL 16 . 4 ~331 ~ 3 31 
6 PI1:E us ~6 0 36.6-~3.6 7.0 2 12 9 2 129 
6 PIKE us 23 28. 0 -3 1 .5 3.5 9 5 9 9 7 1056 
SUBTOTAL 10 .5 308S 9 7 3185 
PULA SKI us 27 11.3-17.4 6 . 1 1938 8 3 2 021 
PULA S 1~ I V.Y 80B 0.0-3.6 3 . 6 763 76 3 
PULA S!;I I:Y 80 21.6-29.5 7 . 9 1827 15 1842 
S UBTOTAL 17 . 6 ~528 98 4 62 6 
ROWAH V.Y 32 5 . 7 -8 . ~ 2 . 7 7~7 64 8 11 
Sllf.LBY us 60 9 . 0- 12 . 0 3 . 0 751 7 51 
TAYLOR us 68 ~ . 0 - 5.8 1. 8 805 10 0 9 05 
TA YLOR KY 208 3 . 1-5 . 8 2 . 7 
S UBTOTAL 4 .5 805 100 9 0 5 
WARREll us 311JB 0 . 0-2.6 2 . 6 715 1134 1 8 ~ 9 
WARREH us 31W 14 . 5-20 . 6 6 . 1 1966 313 227 9 
WARREll us 23 1 8.8- 12 . 7 3 . 9 I 09 'o 98 1 192 
WARP. EII us 2 3 1 12.7 - 13.1 0 . 4 2 10 196 ~ 0 6 
WARREll us 68 10.9-11. 5 0 . 6 167 16 7 
SUBTOTAL 1 3. 6 4152 17~ 1 589_3 
~IOODFORD u s 60 0 .0-13 . 0 13. 0 3631 3 631 
WOODFORD u s·. 60 B 0. 1- 1. 8 1 . 7 2 0 ,, 356 5 6 0 
SUBTOTAL 14.7 3835 356 ~1 9 1 
TOTAL ~62 . 9 132787 12 18 ~8176 182 18 1 
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Table Cl. Raised Marker Replacements and Original Installations on Interstates. 
PAVEMENT MAR KER I!U ANTI TIES 
WHITE YEL LOW 
COI!TRACT TOTAL TYPE III TYP E III NUMBER ROUTE MILEPOSTS MILES TYPE I TYPE II MONO BI TYPE I TYP E I I MON O BI TOTAL 
7 I 2~ 0.0 ~-3 4 . 3 
22 . 1- 26 . 5 ~ . 4 
65 . 3-93 . 3 28 . 0 
SUBTOTAL 36 . 7 9,994 9 18 10.9 12 
9 I 64 0 . 0-59 . ~ 59 . 4 13.8 17 5 05 14 . 322 10 59 . 4-191.5 132. 1 22.459 2 2 .459 10 V.ENNEDY 
10 BRIDGE 256 258 514 SUBTOTAL 191.5 36,532 76 3 37 , BS 
8 I 65 0 . 0 - 54 . 0 54 . 0 1 ~, 1 9 5 19 . 195 
9 I 7 1 0 . 0-77.6 77 . 6 7.660 7 .660 
10 I 7 5 0 . 0-50 . 8 50.8 4,282 ~.282 
8 50 . 8-73 . 4 22.6 6 . 163 
. 6. 165 10 73.4-143.2 6 9. 8 19 . 060 19 . OuO 
9 143.2-191.8 48 . 6 9 ,0 0 6 93 9, 1 OS 
SUBTOTAL 191.8 38.516 99 38. 6 15 
9 I 26 4 0 . 0-8 . 2 8 . 2 2 . 233 2. 233 
18 . 1-2 3. 1 5 . 0 2. 2 8 5 2.285 
SUBTOTAL 13 . 2 4. 518 4. 518 
I Z7 5 0 . 0-13 . 9 13 . 9 5 .0 6 0 1 138 6. 2 '1 8 
75 . 3-8 3. 8 8 . 5 
SUBTOTAL 22.4 5 ,060 11 GS 6. 2'1d 
GP.AND TOTAL 587.2 12 1. 47 5 2968 124.443 
Table C2. Raised Marker Replacements and Original Installations on Parkways. 
P A V E ~EM T M ~2J;ER QUANTIT I ES 
W11 ITE YELLOW 
COHTP.JICT TOTAL TY P E I I I T YPE III 
HUMBER ROUTE MILEPOSTS tliLES TYPE I TYPE II Il OilO !II TYPE I TYP E I I MOllO DI TOT.\L 
10 MCUI!Tl\IN 0 . 0 - 42.7 4 7.. 7 6.83 9 6,839 
8 tJ!:ST£P.H V.Y 87 . 4-136 . 8 49 . 4 3,23 4 3. 234 
8 BLUEGRASS 0 . 0-44 . 8 44 . 8 2. 4 51 2. ~!: 1 
10 BLUEG?.ASS '14 . 8-71.1 26 . 3 3. 8 7 5 3.234 
SUBTOTAL 71 . 1 6 ,3 26 6.326 
8 GREEN RIVER 0 . 0-35 . 1 35 . 1 5 ~ 1 54 5,875 
8 CUM!!EP.LAIID 0 . 0 - 87.5 1'-7.5 1 1. 79 3 11,793 
GRAND TOTAL 285 . 8 3 3. 35 1 33.351 
25 
Table C3 . Raised ~1arker Replacements and Original Installations on Other Four- Lane 
Routes . 
r.\VEli£HT MA~I : ER QiiAIITITI£3 
WI! IT£ "i'ELLO~ 
COIITRACT TOTAL TYPF. III T'iPE l!I 
KUIIBER COUIIT 'i ROUTE MILEP05TS MlL£5 TYrE I TYrE II ~10:(0 BI TYPE I T\'PE II MJ:iJ BI TOTAL 
10 AIIDEP.:;OII u:; 127 0 . 0- 2 . 5 2 . 5 3 3 Z 332 
BOO II£ us 25 10.6-11 . 11 o. s 54 54 
90011£ u:; 42 I'' . 1- I 5 . 4 I . 3 177 28 205 
80011£ J:'l I~ I 0 . 4- 15. 1 4 .7 467 31 49S 
BOON<: •:·,· 2 12 0 . 0- 1. 1 1 . 1 2:!9 229 
BOOIIE l: 'i 237 7 . 6- ~ . 4 I . 8 357 357 
SUBTOTAL 9.7 IZ S tt 59 134 3 
10 BOYLE us 127 7 . 5- ~ . 7 2 . 2 545 545 
BO\'LE us 150 16 .'8- 18 . 9 z . 1 5 19 5 19 
S UBTOTAL II . 3 1 C611 106 4 
7 CAL!.c>: IH (IS 6111 6 . 6- 3. I 1 . 5 6ft ~ 6 4 9 
CAJ. LOtJ~ 'l IJ::i 611 I 9 . 7-12 . 3 2 . 6 :; s 1 27 408 
SUBTOTAL 4 . 1 10 ~0 27 1057 
CAMPB ELL u:; 27 10 . 3 - 21 . 4 11 . 1 10114 97 1 141 
CAII I' B! IL I: Y ~ 15 . 5-1 7 .0 1 . 5 '.1 3 93 
CAHrBELL l :'i I 12 0 3 . 4 - 4 . '.1 1 . 5 3 11 1 224 565 
C~l l rBi:LL l:'i 1892 0 . 0- 2.6 2 . 6 4~0 42 0 
5 U~TOTf,L I i> . 7 18~8 32 1 221 9 
CL~RI! I:Y 627 0 . 3- 9.8 I. 5 :!75 27 5 
10 fA'/ETT£ u~ 25 8 . 1- I 0 . ~ ?. . 7 f- '10 84 0 
fHETTE us 60 0 . 0- 4.7 11 . 7 
fA 'iETTF. us 60 10.~ - 12 . ll 2 . 2 2 3'1 234 
ft. 'iETTE U!i o8 2 . 3 - 3. I o.a Z.J2 232 
H'iETT£ ~~~ 27 0 . 3- 2.. 11 2 . I 37& 376 
fA 'iETT E u:; 27 8 . 5-10 .•) 1 . 5 2.'1 27 
fA '/ETrr. •:·J· II 0 . 0-19 . 3 19. 3 30 8 0 308 0 
fA 'i ETTE I: Y ~22 I . 1- 3. 1 l . O 12 3 12 3 
fA \' ETT!: l: 'i 1 ~ 74 R.7- ') ,it 0 . 7 j!)J 163 
SI!BTOTAL Ju.o 50 7 5 5 07 5 
fRI. NI : LIN U5 60 1 ?-. ~- 14 . ~ z . o 343 345 
fRAIII : LrU u r. 127 4 . :J - 6 ... 1 . 7 3 QO 3 0 o 
fRAIII : LI Il U!i 4 z 1 ) . 1- O. b 3.5 ''7 2 472 
fP./, II':LIU u:; 4 (, 0 0.0- 1.11 1. ': 270 270 
SUBTOTAL 8 . u 13~5 8 1393 
10 GARRARD u:; 2'1 2.6- J.7 1 . 1 
G.\RP.AP.D us 27 15 . 1 - 10 . 5 
' ·'' 
268 222 26 518 
SU9TOTAI. 2 . 5 Z&S 222 28 51 8 
JEffER SOil u:; 31E 5 . 8 - 13 . 7 7 . ? '7 !J6 746 
JEFFEP. ::: on u~ 42 1 . 1- 1 1. 6 10.7 2 ~I; 5 1208 325 3 
J£ff£ r.!i OH u:.; 60 0 . 0- n II 9, IJ 7ZCj 22 1 95 0 
JC:ffE R!i OU u~ GOA 0 . 0 - -:-: c 7 . 8 3 !j 0 236 5 8 6 
JErf EP :J O~f l: 'a' 1J5 10. ~ - 17 . •I I ' " D o 1 283 1644 
JEffFP.r. OH 1:\' CIJ1 0.0- 5.1"1 5. ':' 13~6 1396 
JEfFE RS CN l : 'i 0611 6 . 7- '7 . 9 1.:! 1 ~,, 10 134 
JEff t R=~~~H 1:·; 864 1 1 . 1)- ,,, . ?. 2 . ) 205 20 5 
JEfl'i:P.SOil ft.GLH- l : 'i l\54- 3112 342 
DU511 us 31£ 
!;UOTOTAL r;z . 4 7Z38 1958 9 256 
10 JE S 5At1Ilf£ us 27 0. 0- 1 . 2 1 . 2 1~0 204 37 4 31 
I:ENTOU u:; 25 II . ~-11 . 7 6 . 9 '7 53 12 9 8 87 
Y.EN70H I: Y 16 1 3. 5 - ,,, .. , I . 2 1f.9 189 
I: ENTOH 1: 1 17 I 6. 1- 19 . 1 3.0 
I: EilTOH 1:1 1303 14 . 2-15 . 2 I . 0 103 10 3 
~UBTOTI• L 12. 1 1050 129 1179 
8 LJ HCOLN us 150 0 . 0 - 4 , 4 •• . 4 10 115 18 1063 
L! ~iCO!.U u:; 27 15. 1- 17 . 3 ?. . 2 455 110 495 
!iU!lTO ! f.L 6.6 15 00 ss 155 8 
7 LlVJNG!iTOK us 62 0 . 9- 2.9 l . O ~ t 4 49 63 3 
L ! VlHG !i TO~f 1:'{ 453 2.0- 4 . 3 :. ) 473 24 497 
!i UDTOT ,\ L 4 . 3 10 37 73 1130 
7 LYOU u:; 62 4. 7- 9.4 4.7 1?.33 S2 131 5 
7 M~ R SIIA U us 611 1 7 . 9- ~ . 1 1 . 2 361 220 601 
MC CP.ACI : r.K us 60 13 . 5- 11"1 . 5 6 . 0 16 6 3 979 2642 
MC CP.A CI:EU u~ 45 6 . 1- I Z. 2 b. 1 15,.(,1 820 2381 
HC CRAGI:EU U!i 62 12. 8 - 16. \) 3 . 2 15 ~1 9 14 161 3 
tiC CRACI: !: Il us li3 0. 0 - I . 3 I . 3 340 16 35 6 
~ UBTOT.". L 1(, .6 5 I u 3 1829 6 992 
10 MADI SOif u:; 25 16. 9- 17 . 3 0 . 4 53 21 80 
M~DI :; ou u:; 25 18 . 1-19 . 3 I . 2 ~4 9 4 
M~DI S O I J: 'a' C'/6 7 . 2- a . ':' I . 7 ·; 3 3 76 
SUBTOTAL 3 . ) ~:::u 24 250 
10 MERCER u:; 127 0.0-
'' · ' 
4 . 1 1:; ?.3 8 16 3 1 
riE RCtR u~ 127 ,, . CJ-17 . 2 I Z . 3 
!;U(!TOTAL 1 u . 4 1.;2 3 8 163 1 
511EL8 '{ U5 60 9 . 0 - 12 . 0 J. O : ro 200 
11AP.PEN liS 31W 0 . 0 - Z . 6 2 . 6 
WH.R [I! us )Ill 1~ . 5-ZO . o 6 . 1 z:;n Z1Z 2514 
IJA ~ !'. E N us 231 8 . 8-1~ . 7 3 .9 ~:.o 45 985 
w ~ ~P.!!1 U5 231 12 . 7-1 J. 1 !' .tl 
5U ~TOTAL 1) . 0 3;:~2 257 3499 
